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Description 

This invention relates to methods and apparatus for cell analysis, and particularly to the measurement of 
cell object features and other parameters by image analysis, and more particularly to quantitative measure- 

5 ment methods and apparatus for DNA analysis of small cell populations. 

The methods and apparatus of the Invention may be used for a wide range of diagnostic and prognostic 
evaluations of various cells, antigens, or other biological materials taken from the human body. However, for 
purposes of illustration and ease of understanding, the invention will be disclosed in conjunction with its pre- 
ferred use, which is the quantitative measurement of cellular DNA for the purpose of cancer diagnosis and prog- 

10 nosis. The methods and apparatus are particularly for use for interactive image analysis to analyze and quan- 
tify the DNA in different classes of specimen cells taken from a human body. 

The current state of the art in the pathology laboratory for measuring the DNA content of a cell is by visual 
observation. A pathologist observes through a microscope primarily the shape and texture of suspected cancer 
cells and then classifies the cells into a normal category or into one of several abnormal or cancer categories. 

15 Such evaluations are very subjective and can not differentiate and precisely quantify small changes in DNA 
within individual cells or in very small populations of abnormal cells. These small changes may represent an 
incipient stage of cancer or a change in cell structure due to treatment of the cancer by chemotherapy or ra- 
diation. Such small changes are, therefore, important in the diagnosis and prognosis of these diseases. 
However, the advantage in diagnosis and/or prognosis of abnormal ploidy distributions that a pathologist 

20 viewing a specimen under a microscope has is the discerning expertise of a skilled person in classifying cells 
as normal or abnormal. There is an innate human ability to make relatively quick infinite gradations of classi- 
fication, i.e., almost normal, slightly abnormal, etc. On the other hand, the classification and measurement of 
cell features and parameters manually by a pathologist on a cell-by-cell basis is extremely tedious and time 
consuming. Statistical analysis of such cell data taken by hand is relatively difficult because each record has 

25 to be entered and then processed. For different records, taken at different times, and under varying conditions 
broad statistical categorizations may be unreliable. 

The alternative is automated cell analysis where the pathologist uses specialized equipment to perform 
the analysis. In automatic cell analysis, such as that accomplished by a flow cytometer, mass tests are per- 
formed in gross on a specimen cell population without a researcher being able to exclude or include certain 

30 data of the population. The specimen is measured "as is" without really knowing what cells are being measured 
and how many. Important single cell data or data from relatively small groups of cells are lost in the overall 
averaging of a specimen. Further, relatively large amounts of a specimen have to be used to provide results 
from these tests and the sample is consumed. 

Although there are commercially available general purpose flow cytometers, they are very expensive and 

35 can handle only liquid blood specimens or tissue disaggregations. These cytometers are incapable of working 
on standard tissue sections or using conventional microscope slides which are the preferred specimen forms 
of pathology laboratories. Additionally, a flow cytometer does not allow for the analysis of morphological fea- 
tures of cells such texture, size and shape of cell nuclei and alterations in the nuclear-to-cytoplasmic ratios of 
cells. 

40 One known apparatus provides means for displaying on a video monitor an image of a group of cells from 

a field of a microscope slide. The image is further digitized and stored in a memory of the apparatus. From 
the digitized image, a processor means identifies each possible cell object automatically by a pattern recog- 
nition technique. An interactive program allows the operator to point to each object or cell in succession and 
make morphological decisions for classification and measurements concerning each. For quantitative DNA 

45 analysis, the measurement is of the optical density of the cell object and the classification is by a pathologist 
as to whether the cell appears normal or cancerous. The decisions include whether to accept or reject a par- 
ticular cell for further measurement and processing. The cell object, if selected, can then also be classified 
into one of several classifications for later statistical analysis. The apparatus further has means which permit 
the classification and storing of more than one image. 

50 When the apparatus is used for DNA analysis, tissue and cell specimens are applied to a slide which is 
then stained with a specific stain that combines proportionately with the DNA and essentially renders invisible 
the remainder of the cell so that the image analysis apparatus can measure the optical density of the DNA 
which is concentrated in the nucleus of the cell. The stain associates with the DNA to provide a detailed nuclear 
structure and pattern which may be visually observed and interpreted by the pathologist using the apparatus 

55 for classification. The amount of DNA in the malignant cells is substantially greater than that for normal cells 
because the malignant cells are usually dividing and replicating rapidly or the malignant cells have abnormal 
numbers of chromosomes or have defective chromosomes. 

The apparatus can not only detect minute alterations in the nucleus by providing a real and accurate meas- 
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urementof the DNAmass in picograms but also can measure and quantify the amount of DNAand relate it to 
stored statistical analyses to aid in diagnosis. More specifically, the apparatus allows an iterative analysis of 
specimen population cells and provides a histogram or other statistical display of the population distribution 
of the cells with respect to their DNA content and with respect to a standard DNAfor normal cells so that subtle 

5 shifts in population distribution can be readily understood. To this end cell nuclei images are not only acquired 
and stored but the data therefrom can be Integrated with other statistical data to provide multivariabie analysis, 
discrimination of cells, histograms, and scattergrams of cells or cell populations. 

While the methods and apparatus described above are extremely advantageous and advance the art of 
anueploidy analysis by image processing, they are not as sensitive as they could be. With the progress in meas- 

10 uring the quantity and distribution of DNA in a cellular population, there has come the need to further refine 
and sensitize that analysis and characterization process. One area in which sensitivity of the above described 
process can be improved is in the operator classification of ceii types. 

The previous apparatus relies mainly on the pathologist or operator to make a subjective judgement con- 
cerning the classification of cell types, and whether they are to be classified at all. This is a principal advantage 

15 of the apparatus where the expertise of the pathologist in discerning cell types is automated and measurement 
of specified parameters of the chosen celle is accurately made. However, it has been learned that different 
cell types which are really quite different structurally appear morphologically similar under the microscope. 

This is particularly true when the nuclear DNA has been enhanced by Feulgen staining. Such nuclear stain- 
ing is for the purpose of enhancing the optical characteristics of the nuclei of the cells which contain the DNA, 

20 but that necessarily de-emphasizes the visual characteristics of the cytoplasm in the rest of the cell outside 
of the nucleus. The result is to allow easier image analysis and precise measurement of the DNA of the nuclear 
material, but at the same time this enhancement causes the loss of the visual morphological characteristics 
of the cytoplasm which a pathologist might use to distinguish one type of cell from another. Additionally, there 
are different cell types, which it is advantageous to classify separately, but which provide no or only faint visual 

25 clues as to their differences. 

Thus, there is the need to alert a pathologist classifying the cell populations for DNA analysis with the 
known apparatus about the different cell types, whether by optical enhancement or otherwise. A more defin- 
itive mechanism would be the use of some demonstrable marker on the cells themselves by which the path- 
ologist can objectively separate the various cell types. There are known in the art many optical enhancement 

30 or marking techniques for cell populations. 

For example, since the advent of monoclonal antibody production, numerous antibodies have been devel- 
oped which are specific for cellular components, either in the cytoplasm, nucleus or on the cell membrane. 
Some have already been used to type cells in pathology to assist in the definition of the cell of origin of a number 
of tumors where subjective morphology is equivocal. 

35 Among the most notable of these antibodies are antibodies to leukocyte Common Antigens, which identify 

inflammatory cells, and antibodies to a family of cytoplasmic structural proteins called cytokeratins which iden- 
tify cells arising from epithelial structures. Other antibodies to cytoplasmic components such as intermediate 
filaments can be utilized to identify cells which provide structural support, the so called stromal cells. In ad- 
dition, numerous antibodies exist which are more specifically related to individual tumor types. 

40 However, further optical enhancement of the cytoplasm for different types of cells is problematic in view 

of the current DNA staining technique. There are many difficulties, the least of which is that an optical enhance- 
ment factor for the cytoplasm should be compatible with the present imaging techniques using computer ana- 
lysis of optical density and be required to provide such compatibility without impairing the sensitivity of the 
imaging techniques for the present nuclear staining. Chemical compatibility with the present Feulgen staining 

45 technique also presents a major hurdle. Optical enhancement of the cytoplasm after Feulgen staining of the 
DNA is substantially unavailable because the Feulgen process is destructive of the cell cytoplasm and changes 
the way it appears normally. However, prior optical enhancement of the cytoplasm is equally as difficult be- 
cause the Feulgen staining process is caustic with the use of highly acidic reagents which can easily destroy 
other optical enhancement factors. Moreover, if done prior to Feulgen staining, the optical enhancement proc- 

50 ess of the cytoplasm cannot affect the nuclear material in a manner such that the result of the subsequent Feul- 
gen staining will be changed. 

According to this invention there is provided a method of analyzing a population of specimen cell objects 
for a given parameter, comprising the steps of optically enhancing the population of specimen cell objects for 
said parameter; and optically marking selected specimen cell objects in said population for a particular feature; 

55 charactered by the steps of providing a magnified image of the specimen ceil objects in said population to a 
user-observer through a digital image processor; interactively gating specimen cell objects of the analyzed 
population into one of several subpopulation classifications based upon morphological criteria of the specimen 
cell objects and said optical markings from the magnified image as viewed by a user-observer, measuring 
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with said digital image processor the optical density of the gated specimen cell objects for a given parameter 
for at least one subpopuiation of the specimen cell objects; and, generating with said digital image processor 
a quantitation based on the measurement of the given parameter. 

Further, according to this invention there is provided apparatus for the analysis of a plurality of specimen 

5 cell objects on a support, which have been optically enhanced by the staining of the nuclear DNAof the spe- 
cimen cell objects by a Feulgen staining technique and the enhancement of the location and content of specific 
protein sites of the specimen cell object by an immunohistochemical staining technique, characterised by 
means for magnifying an Image of the specimen cell objects; means for filtering said magnified image at a 
band of wavelengths where said areas of DNA staining are relatively opaque when compared with said areas 

10 of immunohistochemical staining to provide a first filtered image; means for filtering said magnified image at 
a band of wavelengths where said areas of immunohistochemical staining are relatively opaque when com- 
pared to said areas of DNA staining to provide a second filtered image; means for digitising and storing said 
first filtered image and said second filtered image; means for combining said first filtered image with said sec- 
ond filtered image such that specimen cell objects having areas of immunohistochemical staining are visible 

15 when displayed; means for displaying said combined image to an operator; means for gating each of the spe- 
cimen cell objects into one of several classifications based on the morphological criteria of the areas of DNA 
staining and the marked areas of immunohistochemical staining; and means for measuring the DNA mass of 
each of said specimen cell objects. 

From the digitized DNA areas, the imaging apparatus identifies each possible cell object automatically by 

20 a pattern recognition technique. An interactive program allows a pathologist to point on the video monitor to 
each identified object or cell in succession to make decisions for classification and measurements concerning 
each. The marked cells can be specifically excluded from a subpopuiation by the classification process or spe- 
cif ically included. They may further be identified as to DNA content in a separate classification. 

By combining the marking or identification of certain types of cells by an immunohistochemical technique 

25 with DNA Feulgen staining, the ability to perform DNA content analysis with a greater degree of accuracy and 
sensitivity is enhanced. This greater sensitivity provides at least two more avenues of diagnostic and prog- 
nostic utility for human tumors. In one method, the immunologic marking can be used to mark which of the 
cells of a particular population are not derived from the tumor, leaving the remaining cells which are not marked 
immunologically to be analyzed for DNA content. This method is advantageous where a moderate number of 

30 inflammatory cells are present in a tumor. Thus, using an antibody to leukocyte common antigen, the immu- 
nological marking can identify these inflammatory cells so they can be excluded from the DNA assay. Alter- 
natively, when the tumor cells are relatively rare and non-tumor cells make up the majority of the cells available 
for analysis, using immunohistochemical marking which specifically identify tumor cells provides a much eas- 
ier and more sensitive determination of DNA mass for a cell population. In this case, antibodies to cytokeratin 

35 are utilized to identify epithelial derived tumors such as carcinomas. The analysis will then be focused on these 
cell types while discarding cells negative for cytokeratin as being inflammatory or support ceils. 

One specific embodiment of the invention includes staining of the cell population with an alkaline phos- 
phatase technique utilising a monoclonal antibody against a specific cytoplasmic antigen. The resulting stain 
is substantially specif ic to the cytoplasm and does not stain the nucleus of the cells. A Feulgen staining process 

40 using Thiomin is then performed to stein the DNA in the nucleus of each cell. The alkaline phosphatase staining 
method is used because of its compatibility with the Feulgen staining technique. The alkaline phosphatase 
staining is specific to the cytoplasmic antigen binding the chosen monoclonal antibody and does not harm the 
nuclear material so that it may receive the Feulgen stain in a subsequent step. The alkaline phosphatase stain- 
ing is accomplished first before the destruction of the cytoplasm by the Feulgen staining technique. The chro- 

45 mogen chosen for the staining technique is a fast red dye which is advantageous for two reasons. In the first 
instance the fast red dye which is precipitated is not susceptible to being wasted out by the Feulgen stain proc- 
ess and thus will remain for the optical visualization. The second reason is that the chromogen provides ex- 
cellent optical separation from the blue Thionin dye used in the Feulgen staining process. 

Thus, the invention provides methods and apparatus for making a quantitative ploidy analysis of cells using 

so image pattern recognition equipment. 

The invention will now be described by way of example with reference to the drawings, in which:- 
Fig. 1 is a pictorial representation of an apparatus in accordance with the invention; 
Figs. 1A-1D illustrate different histograms for anueploidy analysis; 

Fig. 2 is a functional block diagram of the apparatus illustrated in Fig. 1 which is adapted to perform meth- 
55 ods for the quantitation of nuclear DNA in accordance with the invention; 

Fig. 3 is a schematic block diagram of the image acquisition apparatus illustrated in Fig. 2; 

Fig. 4 is a functional diagram illustrating the major operations of the system control illustrated in Fig. 2; 

Figs. 5 and 6 are top perspective and cross-sectional views, respectively, of a slide particularly adapted 
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for use in the apparatus illustrated in Fig. 1 and having separate areas for calibration ceil objects and spe- 
cimen cell objects; 

Fig. 7 Is a pictorial view at the microscopic level of the binding effects of a monoclonal antibody; 
Fig. 8 is a graphical representation of the % of light transmission as a function of light wavelength for two 
5 stains and two color filters used in a method and apparatus in accordance with the invention; 

Figs. 9, 10 and 11 are pictorial representations of images of a cell population showing an unfiltered image, 
a red filtered image, and a blue filtered image, respectively; 

Fig. 12 is a functional flow chart of one preferred method of quantitating DNA for human carcinoma, in 
accordance with the invention; 
10 Fig. 13 is a pictorial representation of an image monitor during a selection process, illustrating marked 

cells; 

Fig. 14 is a pictorial representation of the many optical fields on the slide illustrated in Figs. 5 and 6; 
Fig. 15 is a pictorial representation of the calibration screen which appears on the instruction monitor il- 
lustrated in Fig. 1; 

15 Fig. 1 6 is a pictorial representation of the analysis screen which appears on the instruction monitor of the 

apparatus illustrated in Fig. 1; 

Fig. 17 is a system flow chart of the screen architecture of the apparatus illustrated In Fig. 1; 
Fig. 18 is a functional flow chart of the main menu of the main screen illustrated in Fig. 17; 
Fig. 19 is a functional flow chart of the calibrate menu of the calibrate screen illustrated in Fig. 17; 
20 Fig. 20 is a functional flow chart of the adjust blue boundary menu of the adjust blue boundary screen 

illustrated in Fig. 17; 

Fig. 21 is a functional flow chart of the adjust red boundary menu of the adjust red boundary screen illu- 
strated in Fig. 17; and 

Fig. 22 is a functional flow chart of the analysis menu of the analysis screen illustrated in Fig. 17. 
25 The apparatus illustrated in FIGS. 1 and 2 and the methods described herein can be used to develop his- 
tograms, and other statistical data, of cell populations for the diagnosis and prognosis of malignancies and other 
diseases. Specifically, the quantity and distribution of nuclear DNA in separate or combined classifications of 
ceil populations is available. To illustrate the utility of such statistical analyses reference is directed to FIGS. 
1A-1D. 

30 Referring now to FIG. 1 A there is shown a normal ploidy histogram having a typical cell number versus 

mass distribution for healthy, non-dividing cells. The number of cells is provided on the ordinate axis and their 
nuclear DNA mass on the abscissa. If the cell population shown in the figure is not dividing, the DNA content 
should be peaked around a normal peak G0/G1 which is the diploid amount, 7.1 8 picog rams/cell. This relative 
mass of DNA is labelled as 1.0 to normalize the abscissa of the histogram. FIG. 1B also shows a normal cell 
35 population which is dividing, such that there is a significant G0/G1 peak at 1.0 and a second peak G2 at 2.0. 
The peak at 2.0 is normal because some of the cells are in division and have double the normal diploid amount 
of DNA. The saddle S between the two peaks is relatively low and does not indicate any malignancy. 

Comparing the histogram in FIG. 1C with the first two, it is seen that this cell population is skewed from 
normal by having a higher first peak around 1.5 and a second peak around 3.0. Further, the saddle S is more 
40 pronounced and can be rough in cell count. This histogram may show a malignancy because of the abnormally 
high DNAcontentfor many of the cells. This high DNA content is likely indicative of the increased ploidy amount 
of malignant cells which are rapidly dividing. 

Likewise, in FIG. 1D it is shown that the G0/G1 peak occurs at 1.0 with a normal diploid amount of DNA 
but has a relatively large trailing saddles from 1 .0 to 2.8. Anormal G2 second peak is not noted and is indicative 
45 of an abnormal cell population. The shape of the histogram is likely due to abnormal DNA amounts In cells 
and clones of cells indicative of malignancy. Therefore, from the shapes and changes in cell distribution his- 
tograms, diagnostic and prognostic Information can be obtained. 

DNA analysis of human cells has been shown to have both diagnostic and prognostic utility for human tu- 
mors. As with any test, its usefulness is dependent on both the accuracy and sensitivity of the technique em- 
50 ployed for the analysis. If a tumor sped men were composed only of the tumor cells, the accuracy and sensitivity 
of the illustrated technique would be a function of the DNA staining and the accuracy of the measuring instru- 
ment. However, tumors are most commonly composed of a mixture of cell types. In addition to the tumor cells 
one finds the normal tissue from which the tumor arose, supportive and structural elements and a variety of 
inflammatory cells and cells which are part of the repair and defense process of the host. These cells vary in 
55 amount from tumor to tumor and may indeed numerically overshadow the tumor cells in many cases. 

If non-tumor cells are included in the histograms of the DNA analysis illustrated, several errors can occur: 
1. An insufficient number of tumor cells may be identified resulting in a tumor inappropriately being as- 
signed a normal DNA content 
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2. In tumors with a normal DNA content, the normal cells will exaggerate the peak on the histogram where 
the resting tumor cells appear and artifactually lower the percentages of proliferating tumor cells; 

3. If the non-tumor cells themselves are proliferating, they will give an artifactual elevation to the assess- 
ment of proliferating activity in the tumor. 

5 Thus, an improvement to the DNA analysis could be made with a mechanism to appropriately eliminate 

irrelevant cells. Among the potential mechanisms are to attempt to distinguish tumor cells from non-tumor cells 
by ceil size and shape characteristics, either quantitatively or by subjective morphologic assessment by a path- 
ologist. The quantitative method Is not useful in that tumor cells themselves can vary significantly in size and 
shape and there is substantial overlap between these parameters in tumor cells and those seen in the non- 

10 tumor type cells. The subjective morphologic method is more useful in that it takes into account multiple diag- 
nostic criteria. The present apparatus takes advantage of this by allowing the pathologist to use his subjective 
skills to separate the tumor cells from the non-tumor cells for DNA analysis. One problem is that the pathologist 
traditionally uses characteristics of both the nucleus and the cytoplasm to make these subjective judgments. 
However, when dealing with the previously disclosed method of analysis, only the nucleus is stained making 

15 any morphologic assessment more difficult The invention solves this problem by the optical enhancement or 
the marking of selected cells, which exhibit a certain characteristic or type to identify them immediately. 

In the implementation shown, the system is a computerized image analysis system designed to measure 
a number of cell object features and parameters from their image on a typical glass slide. The instrument in- 
cludes a sophisticated digital image processing system controlled by software to perform quantitative analysis 

20 on individual cells for nuclear DNA content by Feulgen staining as well as measurement of other nuclear fea- 
tures. The imaging system couples the ability of a pathologist to identify and classify cells to be studied with 
the capability of computer enhanced, high resolution digital video image processing to quantify optical and 
stain density accurately. Further, the system optically marks certain types of cells such that the pathologist in 
making his classifications can include or exclude them from the study to improve the sensitivity of the process. 

25 In general, a pathologist first prepares a needle aspirate preparation of fresh tissue. The sample is first 

stained with a alkaline phosphatase technique using a monoclonal antibody specific against an antigen in the 
cellular cytoplasm. The nuclear DNA in the sample is then stained by the Feulgen technique using Thionin as 
the dye or optical enhancement factor. After fixation and staining, the preparation is ready for analysis. 

The operator has the option of classifying the cells morphologically into any one of six categories or re- 

30 jecting inappropriate cells or debris. The cell data are processed by a system control and the cellular elements 
are characterized by a quantitative DNAanalysis for each cell class. The information when compared with either 
a standard cell calibration or published data allows a pathologist to accurately quantify and classify abnormal- 
ities that might ordinarily be described only verbally from the image. 

The addition of quantitative data enables pathologists to perform their work in a more standardized and 

35 reproducible manner. The system is of value in classifying lesions that may be malignant and in providing prog- 
nostic information for known malignancies based on DNA content. The image identification system is more 
advantageous than common flow cytometry methods of evaluating DNA content. Flow cytometry permits an 
operator to classify neoplastic cells based only on cell markers. The pathologists, however, never sees the 
cells that the instrument has examined. In addition, the cell preparation must be used in a short time frame 

40 and is consumed in the course of the study. Although a permanent section of a tumor under study may be 
examined at the same time, there is no guarantee that the same cells are examined in both areas. Also the 
quantity of tumor available may not be large enough to permit a flow cytometric examination. 

In the apparatus the quantitative DNAanalysis is performed rapidly for the measurement of DNA and ploidy 
distribution pattern in a cell population under study. The pathologist advantageously selects the cells which 

45 are to be used in the population measurements. The measurement of DNA content is useful and believed to 
be relevant in diagnosing and determining prognosis for a variety of tumors that involve the breast, colorectum, 
and prostate. The system takes advantage of the skill of the pathologist and the selected cell marking to visually 
identify and classify abnormal cells, and then uses the computer aided imaging analysis to analyze quantita- 
tively those particular cells selected for the parameters desired. Such instrument advantageously extends and 

so augments the recognition and diagnostic skills of the pathologist. 

With reference to Figs. 1 and 2 of the drawings, the invention is embodied as an apparatus 11 (Fig. 1) which 
functionally operates as a digital image analysis and processing system 13 (Fig. 2). The apparatus 11 com- 
prises a high resolution microscope 15 with which an operator can view magnified specimens on a support, 
in a preferred embodiment a glass slide 14. The microscope 15 includes adjustment or positioning means 70 

55 for focusing its optics 16 on the slide 14 and a platform 51 movable incrementally in X and Y directions via 
positioning means 12 and 17 in order to view different areas thereof. Positioning means 12, 17 and 70 are the 
form of mechanical adjustment verniers which are conventional for instrument quality microscopes. 

The specimens in the field under study are further viewable by the imaging system 1 3 via image acquisition 
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apparatus 18 (Fig. 2). The apparatus 18 receives the light intensities of the image of the field and converts 
them into two analog signals (Red, Blue) which can be sampled and processed by the image analysis system 
13. The image analysis system 13 is controlled by a system control 22 in the form of a digital processor such 
as a personal computer. 

5 An operator, such as a pathologist or laboratory technician, can interactively communicate with the system 

control 22 via a keyboard 36, and interacts further with the system to quantitate nuclear DNA and classify cell 
objects by the viewing of two displays or monitors. A first display, image monitor 37, is a conventional RGB 
video monitor which displays through the system control 22 and the image acquisition apparatus 18, the same 
image field as seen through the microscope 15. A second display, instruction monitor 62, is another conven- 

10 tional RGB video monitor and is used to provide the operator with interactive prompts, messages, information, 
and instruction screens from a system program executed by the system control 22. 

The keyboard 36 is preferably a conventional AT type keyboard which has on the left-hand side a plurality 
of function keys F1-F10, in the middle a plurality of alphanumeric keys including the special keys of ENTER, 
SHIFT, CONTROL, and ALTERNATE, and on the right-hand side cursor control keys including up, down, left 

15 and right arrow keys, a numeric keypad, a numeric lock key, and an escape key. Akeyboard Interface 35 trans- 
lates the keystrokes of the operator into numerical codes recognized by the system control 22 for specific key 
indications. A printer 38 is provided for producing reliable hard copy output of the statistical data and reports 
produced by the apparatus 11. 

Afunctional schematic of the apparatus 11 Is illustrated in FIG. 2 as image analysis and processing system 

20 1 3. The image processing system 1 3 is used to analyze a plurality of specimen cell objects on the support or 
glass slide 14 of the microscope 15. Suitable high resolution microscope optics 16 receive light from a variable 
intensity source 19 and transmit the light through the slide 14. 

Because the source 19 transmits light through the cell objects on slide 14, the optical density of each pixel 
of the image will convert the lightinto a different intensity depending upon its percentage of transmission. Areas 

25 with no cell objects in them will appear relatively light or intense and areas having nontrans missive objects 
will appear darker. In general, unmodified cell objects are relatively transparent and their features difficult to 
distinguish. Staining the cell objects allows an optical enhancement of the features stained so they will appear 
darker than other features and their background. 

The optical image of each of the ceil objects on the slide 14 passes through an optical image splitter 25. 

30 On one side of the splitter 25, the image acquisition apparatus 18, or other detector, converts the optical im- 
ages point by point into two scanned electronic signals (Red, Blue) representing a monochromatic represen- 
tation of the optical intensity of each point in the image on the other side of the splitter 25, a true color image 
of the field is provided to the operator by viewing optics 24. 

Fig. 3 illustrates the optical filtering and splitting of the image performed by the image acquisition appa- 

35 ratus 18. The focused image formed by the light intensities is transmitted substantially vertically through the 
slide 14 and enters the beam splitter 25 mounted in a holder 53. The first true color image passes vertically 
therethrough. A second true color image is further transmitted by the beam splitter 25 perpendicular to the 
vertical path through the focusing lens 154 to image acquisition apparatus 18. The image acquisition apparatus 
18 comprises a plurality of optical elements including a second image splitter 156, mirrors 158, 160 and 162, 

40 and two monochromatic optical filters 164 and 166. The image acquisition apparatus 18 further includes dual 
video cameras 168 and 170 which each receive a portion of the split image. After the second true color image 
is split from the microscope optics, it passes into the second beam splitter 1 56 where along one path the image 
is reflected by mirror 158 through filter 164 and imaged by camera 168. Along a second path, the image is 
reflected from mirror 160, to mirror 162, and then through a second filter 166 to be imaged by camera 170. 

45 The filters 164 and 166 are narrow bandpass filters substantially blocking all light frequencies outside their 
pass band. The images from cameras 1 68 and 1 70 are therefor essentially monochromatic images of the field 
under study on the slide 14. The first filter element 164 comprises a red filter which passes on light of a narrow 
bandwidth of wavele ngths near 620±1 0 nanometers . The second filter element 1 56 is a blue filter which passes 
light of a narrow bandwidth of wavelengths near 480±10 nanometers. 

so Each television camera 168, 170 converts the monochromatic optical images point by point into a scanned 

electronic signal representing the optical intensity of points in the image. The output of the cameras 168 and 
170 which is formatted as a standard NTSC analog video signal is applied to an analog to digital converter of 
a pair of image processing interfaces 21 , 23. Each image processing interface 21 , 23 samples the analog signal 
from each camera 168, 170, respectively, and converts the image signal to a digitized signal which is received 

55 and stored by the system control 22. Because of the continuous scanning, a real time image of the area that 
the optics 16 are focused on is provided by the image display 37. With the dual camera arrangement either a 
red color image or blue color image is available simultaneously to the system control 22. In general, each mono- 
chromatic digital image is stored as a 512 x 512 array of pixels where each pixel has a measured light intensity 
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of 0-255 (8 bits). 

Because the viewing optics 24 of the microscope 1 5 are located on the other side of the image splitter 25, 
this parfocal arrangement allows the same image seen in the viewing optics 24 to be displayed on the image 
display 37. This feature allows the positioning of the platform 51 by the manual X, Y adjustment of positioning 

5 means 12 and 17 until the operator views afield of interest on the slide 14. At that time, the computer enhanced 
digitized image of the selected field is displayed on the image display 37 for further analysis. An X position 
sensor 26 and a Y position sensor 27 generate position signals to a position interface 34 which digitizes these 
signals to provide the apparatus 11 with an accurate coordinate representation of the field in view. 

Both of the displays 37 and 62 are controlled by the system control 22 through standard video monitor 

10 interface circuitry 39 and 61, respectively. Similarly, the keyboard 36 and the printer 38 communicate with the 
system control 22 through conventional interface circuits 35 and 41, respectively. In addition, the system con- 
trol 22 controls a random access memory 73 and other bulk memory storage in the form of either floppy and 
hard disk drives 75 through a memory control interface 71. 

All of the interface circuits 21, 23, 34, 35, 39, 41, 61, and 71 can be selectively embodied on printed circuit 

15 boards which are mounted in the backplane or card connector of a conventional personal computer forming 
the system control 22. Preferably, the personal computer can be one manufactured by the IBM Corporation 
having a model designation AT, or those compatible therewith. Such system control .22 can be run under a disk 
operating system such as PC DOS, version 3.1 or later. The system software for the image analysis is called 
as an application program from the disk drive 75, and could for example, be supplied on a floppy disk 77. The 

20 system software is read from disk 77 and loaded into RAM 73. After loading, program control is transferred 
to the system software from the operating system to regulate the various hardware elements of apparatus 11 
previously set forth in a known manner. 

The image analysis system 13 operates under an interactive program control by providing a number of 
instruction screens or images on the instruction monitor 62 to assist the operator in the quantitation of nuclear 

25 DNAfound in one or several cell subpopulations displayed on image monitor 37. Through interactive responses 
by the operator and menu selections on different instruction screens, the basic system functions of the image 
analysis are performed. 

The system functions are more fully illustrated in Fig. 4 where software control logic functions for the hard- 
ware in block 80 are shown communicating with software analysis and measuring functions of the system soft- 

30 ware in blocks 82-96. Software is included in the system to perform an initialization and an interfacing of the 
operating system functions and overall control of the apparatus 11 by instrument control logic. Ascreen handler 
for the instruction screens and the video display of the digital images of the specimen is performed for both 
of the monitors 37, and 62 by image and instruction monitor control logic. The memory and disk storage func- 
tions are handled in the software by memory control logic. Input and output for the interactive responses and 

35 reports are handled by the printer and keyboard control logic. Further, data from the cameras 168. 170 and 
from the position sensors 26, 27 are handled by image acquisition control logic and position acquisition control 
logic, respectively. 

The control logic of the software forms a operating shell which is used by the analysis and measuring func- 
tions in blocks 82-96 to control the hardware of apparatus 11 to perform the particular function needed. The 

40 system provides a patient labeling function 82 to identify the particular tissue samples which are under study. 
Light calibration and position calibration functions 84 and 86, respectively, are used to determine a correct ref- 
erence optical density for a particular field and the location of that particular field with respect to a coordinate 
origin. A control cell calibration function 88 provides a datum for the compensation of different background 
stainings and DNA index calibration. A boundary formation function 90 allows the operator to choose a refer- 

45 ence level against which the grey scale values of an image are compared for either the red image or the blue 
image. A selected cell marking function 91 provides for the marking of those cells identified by the cytoplasm 
optical enhancement in the acquired data function. The cell data acquisition function 92 provides for the storage 
of the grey scale values of the measurements a specimen image. A cell classification function 93 allows the 
operator to classify the acquired cells, taking into account those marked cells, into different categories, and a 

so cell analysis function provides different statistical analyses of the categorized data. A utilities function 94 pro- 
vides the needed auxiliary type programs for assisting in the primary functions of the image analysis. A report 
generation function 96 is used for hardcopy production of analyzed and compiled data from the system on the 
printer 38. 

The support on which a specimen is viewed preferably is a transparent glass slide 14 as illustrated in Figs. 
55 5 and 6. Glass slides of a rectangular shape come in standardized sizes such as 1" by 3" and such can be 
used with the following modifications. The slide 14 is partitioned into two sections where in a first control sec- 
tion 56 are located control cell objects 40. In a second section, specimen section 58, there are located speci- 
men ceil objects 52 which are to be measured for their content of DNA. The slide 14 further includes a border 
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54 around the control section 56 for rapid identification of that section. Further, on some convenient location 
of the slide 14 is placed a identif ying mark 53. The mark 53, illustrated as a cross in Fig. 4, is used as a landmark 
for identifying the coordinate origin for fields on the slide, 

Because the apparatus 11 may be used in various offices such as pathology offices having persons of 

5 varying degrees of skill and knowledge about image analysis, the microscope light source 17 may be variously 
adjusted by different operators such that the background may have a different light intensity not only from ma- 
chine to machine but also at different times depending on the age and nature of the lamp doing the illumination. 
When the cell objects are DNA nucleus, the stained nuclei appear darker and have high darker gray levels 
than the cells which have fewer or no DNA content. The particular light intensity level is desired to be known 

10 in an accurate and real manner; and hence, it is important that there be a calibration of the light intensity to 
eliminate errors which might be introduced if differences in light intensity levels are not accounted for. 

Afurther problem with widespread usage of equipment of the foregoing kind is the Feulgen staining factor 
by which is meant that the user may be applying either a heavy amount or a light amount of the Thionin stain. 
This will result in a variation of the gray level being viewed through microscope 15 and by the cameras 168, 

1$ 170 which is then analyzed as to the particular DNA content. Thus, there is a need that the apparatus 11 be 
calibrated to eliminate differences because of the staining factor so as to provide a true indication of the actual 
amount of DNA, being analyzed. A calibration material 40 is provided on the slide 14 which, when viewed by 
the operator under a calibration step of the system software allows the operator to adjust and to calibrate the 
apparatus prior to the measuring and analyzing of specimen cell objects on the slide 14. 

20 In the illustrated embodiment of the invention there are provided two different materials on the slide 14 

with the first being the control cell objects 40 which are stained simultaneously with the staining of the speci- 
men cell objects 12. The simultaneous staining permits the analysis of the control cell objects to be compared 
to a predetermined stored reference light intensity, gray level, or optical density which the control cell objects 
40 have after staining. If the cell objects are stained either too lightly or too heavily, the amount of understaining 

25 or overstating can be quantitatively analyzed and adjusted for as will be described hereinafter. 

The control cell objects 40 are, in this illustrated embodiment of the invention, rat liver ceils of a known 
size and shape, and DNA content. The control cell objects 40 may be other types of cells having dark centers 
or nuclei which stain well, such as chicken blood cells or trout cells. On the other hand, the cell objects 40 may 
be artifacts printed on the slide to have a cell shape. Furthermore, as above explained, the cell objects 40 

30 may be conventional plastic beads of a predetermined size which will react with a particular fluorescent stain 
or enzyme stain when treated simultaneously with specimen ceil objects such as monoclonal antibodies used 
in the specimen area 58 of the slide. The reference ceil objects will vary from test to test and the present in- 
vention is not limited to any particular test or cell objects. 

A pathologist will take a slide such as shown in FIGS. 5 and 6 having premounted thereon the control cell 

35 objects 40, and add thereto the specimen cell objects 52 which are, in this instance, cells from a needle aspirate 
of tumor tissue or monolayer of blood cells or other cells, at the area 58 on the slide. The pathologist will then 
stain or otherwise treat simultaneously the control cell objects 40 and the specimen cell objects 52 for image 
enhancement 

A kit is provided with the apparatus 11 which contains the slide 14 with the control cell objects 40 thereon, 
40 and bottles of reagents which are needed forthe dual staining technique. For the alkaline phosphatase staining 
technique the kit contains bottles of a primary antibody reagent, a biotinalated secondary antibody reagent, 
an Avidin-Biotin, alkaline phosphatase reagent, and a chromagen substrate (preferably fast red). For the Feul- 
gen staining technique the kit contains bottles of Thionin reagent solution, and rinse reagent. 

. To prepare a slide 14 for analysis, the following process is used. The slide 14 having control cells in section 
45 54 and specimen cells in section 58 is first stained with the alkaline phosphatase technique to optically enhance 
a specific cytoplasmic antigen The immunohistochemical staining begins with a nonfixed specimen on slide 
14 which is initially cold fixed at40°C. in acetone for 20 minutes. The slide is then rinsed twice in a phosphate 
buffered saline solution for five minutes (each rinse) without allowing the slide to dry. 
The slide 14 is then incubated for 15 minutes at 37°C. in a moist environment with a solution of 2 ml. to which 
50 has been added 10 drops of normal horse serum. This step prevents much of the nonspecific binding of the 
antibody to sites of the cell objects. 

After draining the excess of the normal horse serum solution off the slide 14, it is incubated 15 minutes 
at 37°C. in a moist environment with the primary antibody which binds to the antigen in the cytoplasm of the 
cell objects. 

55 The slide 14 is again twice rinsed in a phosphate buffered saline solution for 3 minutes (each rinse) without 

allowing the slide to dry. Next, the slide is incubated for 15 minutes at 37°C. in a moist environment with bio- 
tinalated bridging antibody solution. The dilution of the antibody solution being 1:400. The slide is again twice 
rinsed in a phosphate buffer saline solution for 3 minutes (each rinse). 
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Thereafter, for development and magnification an Avidin-Biotin, alkaline phosphatase solution is incubated 
with the slide 14 for 15 minutes at 37°C. in a moist environment Solutions of A-B complex and alkaline phos- 
phatase solution are available from the Vector Corporation of Burlingame, California, as solution A, and sol- 
ution B of kit number SK-5100. 50 microliters of solution A and 50 microliters of solution B is mixed with 5 mil- 

5 liliters of a 1% Bovine serum albrumin/phosphate buffered saline solution to form the development solution. 

The slide is again rinsed twice in a phosphate buffered saline solution for 3 minutes (each rinse). A chro- 
mogen substrate is then added to color the developed precipitate. Preferably, the substrate is red dye, fast 
red, from the same kit as above which contains dye solutions 1, 2, and 3. Two drops each of solutions 1, 2, 
and 3 are added to 5 milliliters of 100 mM TnS with a pH of 8.2. This solution is incubated with the slide for 15 

10 minutes at 37° C. in a moist environment. The final step in the cytoplasm development is to rinse the slide for 
1 minute in distilled water. 

The slide 14 is then stained with the Feulgen technique using Thionin to optically enhance the nuclear DNA 
of each cell. The slide 14 is fixed in 10% by volume buffered formalin, adjusted to a pH in the range of from 
about 7.2 to about 7.5, for 10 minutes at room temperature. The nuclear DNA of the eel! objects is then hydrol- 

15 yzed by treating the slide 14 for about 60 to 75 minutes in 5N hydrochloric acid. The staining process is ac- 
complished on the slide by transferring it to a Thionin solution for about a one hour period. Afterward, the slide 
14 is washed in a three state process of rinse solution. The slide is placed in a first stage of rinse solution for 
about 30 seconds, transferred to a second stage of rinse solution for about 5 minutes, and then permitted to 
stand in a third stage of rinse solution for about 10 minutes. The slide is subsequently washed for about 5 min- 

20 utes in running distilled water, and thereafter washed with acid alcohol (0.37% hydrochloric acid, 70% ethano!) 
for 5 minutes. The slide 14 is then dehydrated in absolute ethano! for about 5 minutes to prepare it for cover- 
slipping. Finally, the slide is cleared in xylene for about 5 minutes before being mounted with a synthetic resin 
and coverslip. 

In Fig. 7 there is shown a representative drawing of the marking and amplification of a particular antigen 

25 site 1 80 labelled AR. The site is an antigenic against a primary antibody 1 82 that binds thereto. In the preferred 
embodiment, a bridging antibody 184 against the primary antibody is used to bind to the primary antibody and 
has affixed a Biotin molecule 1 88. To the bound primary and bridging antibodies is added Avidin-Biotin complex 
including an Avidin molecule 186 and three Biotin molecules 188. These Biotin molecules 188 are conjugated 
with molecules of alkaline phosphatase AP enzyme 190. The fourth Biotin molecule site is open to binding the 

30 complex to the bridging antibody 1 84. The site, when a dye such as fast red molecules 1 92 in solution is added 
to this mixture, the alkaline phosphatase reacts with the dye molecules to produce insoluble fast red molecules 
194 which mark the antigen site. While the Avidin-Biotin complex is exemplary and preferred, any number of 
different marking techniques can be used. Alternatively, a bridging or primary antibody which is anti-alkaline 
phosphatase can be used, and then amplified by fast red dye in the manner previously described. 

35 A dual filtering method is thereafter applied to distinguish the areas (cytoplasm) stained by the red chro- 

magen and the areas (DNA) stained by the blue Thionin These images, one by the red filter and the other by 
the blue filter, are used to separate the DNA stained areas from the cytoplasm areas containing the specific 
antigen, and to separate both of these areas from other cell or field features. 

The results and desirability of this dual filtering of a stained cell image are more fully illustrated in Fig. 8. 

40 The percentage of light transmitted through the nuclei stained with Thionin dye is shown in the curve A as a 
function of the wavelength of light The percentage of transmission of light for fast red dye is shown in curve 
B as a function of the wavelength of light The bandwidth of wavelengths of light passed by the blue filter is 
illustrated in band C while the bandwidth of wavelengths of light passed by the red filter is illustrated in band 
D. 

45 When a true color image of a cell population or specimen is filtered with the blue filter 166, substantially 

all of the areas stained with the fast red dye will be invisible and substantially ail the areas stained with Thionin 
dye visible. This is because the Thionin curve A has a relatively nontransmissive peak near this wavelength 
band (480 nms.) while the fast red curve B is relatively transmissive in this band. Thus, in this manner the areas 
with Feulgen stain can be separated from the cytoplasmic areas. At the other extreme of the graph, the band 

so D of the red filter 1 64 is positioned at a place where just the opposite occurs. The Thionin curve A is relatively 
transmissive in this bandwidth while the fast red curve B is relatively nontransmissive. Thus, the cytoplasmic 
areas containing the fast red dye can be identified without a problem. 

Because of the opposite relative differences in light transmission between the two stains in the two filtered 
bandwidths, the Thionin stained area is enhanced during one filtering relative to other areas of the cell, and 

55 the fast red stained areas are enhanced relative to other areas of the cell during the second filtering. While 
the implementation shows a convenient and advantageous method for discriminating between the two areas 
having separate staining, it is recognized that there are various other staining or optical enhancement methods 
and filtering methods which can be used to optically enhance one particular area or feature over another cell 
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area. 

The system software for DNA analysis can now determines the mass of the cellular DNA by obtaining the 
optical density of the specimen cells from the Thionin stain via the instrument 11. In general, the mass of the 
DNA of a stained cell object can be obtained from its optical density by utilizing the Beer-Lambert Law which 
5 is well known in the art of micros pectrophotometry. The equation states: 

_ aS OP 

where 

M = mass of the object in picograms 
10 a = spot size in uin 2 

EX = extinction coefficient of the stain at wavelength X in um 2 /pg. 
OD = optical density of each spot (dimension less) 

The instrument uses this law to find the mass distribution of a number of cells or ceil objects which can then 
be analyzed according to a statistical basis, histogram, or other analytical format as will be discussed herein- 

15 after. The spot size a is determined by the number of pixels which are measured by the camera 1 8. The optical 
density for each pixel is calibrated by adjusting the light level, focus, and reading a reference optical density 
from the calibration area on the slide. This calibration allows the conversion of the measured light levels for 
each pixel into an optical density, a dimensionless quantity. 

A calibration for the extinction coefficient is accomplished by measuring the optical density for a plurality 

20 of the control cells 40 to determine a peak for the distribution in relative mass units. Because the peak DNA 
content is known for the control cell distribution, the cells in the measurement field can be measured using 
the relative OD units and then converted directly into picograms by using the control cell calibration. For ex- 
ample, if the control cells are known to contain pg of DNA (rat liver cells) and a group of calibration cells show 
a peak distribution of 11 ,000 relative OD units then a normal group of human cells (with a known DNA content 

25 of 7.18 pg.) would exhibit a peak in their distribution at approximately 13,250 relative OD units. Further, any 
other relative OD unit measurement can be converted directly into picograms by determining and using the 
extinction coefficient found from the group of calibration cells. 

The method .is combined with this technique as will now be more fully described with respect to Figs. 9- 
12. Figs. 9-11 are pictorial representations of the true color image of a field of a slide 14 (Fig. 9), an image 

30 filtered with the red filter (Fig. 10), and an image filtered with the blue filter (Fig. 11). Fig. 12 is a flow chart of 
the steps in the method to produce quantitation of nuclear DNA. 

In Fig. 9 there is illustrated several cells of a subpopulation from one of the fields of the microscope slide 
14. The subpopulation contains different types of cells, wherein specific cells 202, 204 have been optically 
enhanced by the alkaline phosphatase staining. All the cells 200, 202, 204, 206, and 210 have had the DNA 

35 in their nuclei optically enhanced by Feulgen staining with Thionin dye. 

When filtered with the red filter in Fig. 1 0, only those areas which contain the fast red dye are visible. These 
are the cytoplasmic areas 212, 214 of cells 202, 204 respectively which have been optically enhanced because 
they contain a specific antigen which binds the monoclonal antibody of the alkaline phosphatase staining. This 
type of cells 202, 204 are different from the cell types 200, 206, 208, and 210, which are invisible in this image. 

40 Further, the nuclei of all cells 200, 202, 204, 206, 208, and 210 can be made invisible in the background because 
of the optical separation of the Thionin dye and fast red dye. 

In Fig. 11 there is illustrated the result from the blue filter, where ail the nuclei 216, 218, 220, 222, 224. 
and 226 from the cell population are visible. The image filtered with the blue filter produces an exclusion of 
those cytoplasmic areas which are not nuclear stained (dear rather than stained), and which are optically dif- 

45 ferent (fast red stained) even if stained. 

The areas stained above the thresholds set for each filtered image can then be combined by overlaying 
the DNA image on the cytoplasmic image digitally to present on the monitor a clear image of the DNA nuclear 
areas for typing and analysis where certain cells 202, 204 are marked clearly as to type by an identifying cy- 
toplasmic ring or crescent on the nucleus Fig. 13. The DNA analysis then proceeds by the interactive classi- 

50 fication of each cell in the image displayed on the image monitor 37. The specifically marked cells 202, 204 
can be Included in any class, excluded from any class, or classified entirely separately from any other class. 
Further, it is evident that different optical enhancements arid filterings will give rise to different typings and 
increase the sensitivity of the classification process. 

The method of measuring and analysis of nuclear DNA using the marking technique is more fully illustrated 

55 in Fig. 12. In a first step, in block 250, a slide 14 containing control cell objects and specimen cell objects is 
stained with the alkaline phosphatase technique using fast red dye. The monoclonal antibody is specific against 
a cytoplasmic antigen, for example, Leukocyte Common Antigens or Cytokeratins. The next step in the process 
is to stain the slide .14 with the Feulgen process using Thionin in block 252. After mounting, the slide 14 is placed 



11 



EP 0 317 139 B1 



on the platform 51 of the instrument 11 and the operator positions the slide 14 such that a Clearfield is shown 
on the image monitor The light-level is then set for the instrument in block 254. 

The platform is then moved to the control cell area where an image of a subpopulation of the control cells 
a ppears on the monitor 37 in block 256. This image is the filtered image (red) showing only the Feuglen staining, 
5 The amount of staining to determine the DNA index, such that mass can be determined from optical density, 
is found by measuring optical density of the control cells in block 260. Normally, more than one field of control 
- cells is measured to obtain an accurate measurement and this step can be repeated by looping through block 
264 and block 262. In block 262, the operator moves the platform 51 so that another field of control cells comes 
into view. 

10 The measurement of the peak of the optical density units is converted into the DNA index and stored. The 

instrument may now be used to measure and analyze the DNA of specific cells on the specimen section 58 
of the slide 14. To this end, the instrument platform 51 is moved to a field where specimen cell objects are 
visible. 

Initially, a cytoplasmic image of the specimen field is obtained using the blue filter in block 266 and its 
15 boundary set in block 268. Thereafter, a DNA image of the specimen field is obtained using the red filter in 
block 270 and its boundary set in block 272. These filtered images are real time images of the field and are 
being constantly updated by the image acquisition means 18 of the system 11. The apparatus 11 combines 
the two filtered images in block 274 to mark the selected cells on the image monitor 37 while displaying the 
DNA nuclear area. The program then proceeds to a classification step in block 276. When in the classification 
20 mode the image acquisition and combination (marking) halts and a static image is presented on the image 
monitor. 

The cells in the image on monitor 37 are then classified as to type by an interactive process with an op- 
erator where each cell is pointed to by the apparatus, and the operator in response to the identification selects 
a classification for it using the nuclear morphology and the cytoplasmic markings of the combined image. The 

25 classified ceils are then measured for DNA content in block 278 and the results of the measurements displayed 
in block 280. The display can be in various forms and statistical analyses of the different classifications or com- 
binations of classifications. 

The measurement step can include more than the cells in one field by looping through block 282 and block 
284. The operator moves the platform 51 of the apparatus 11 to another specimen field in block 284 and the 

30 marking and imaging steps proceed as previously described. The data accumulated in the measuring step for 
the new cell population is added to that developed for the previous cell population(s). The display step in block 
280 can be delayed until a significant amount of data is accumulated or a display of each iteration provided 
at the option of the operator. The operator further has the option to bypass setting the cytoplasm boundary 
and DNA boundary once they have first been set for a specimen image. 

35 The system program for DNA quantitation is, in general, a menu driven program which allows the operator 
to interactively communicate with the image analysis system 13 to produce the quantitation of nuclear DNA 
by image analysis. The system program displays a plurality of images or instruction screens on the instruction 
monitor 62 which include menus from which to select the various functions needed for performing a quantitative 
nuclear DNA assay. Fig. 17 illustrates the screen architecture of the system and the paths that the system 

40 takes between screens. Examples of two of the system screens, the calibrate screen A14 and the analysis 
screen A16, which appear on the instruction monitor 62 are pictorially illustrated in Figs. 15, and 16, respec- 
tively. 

Returning to the reference numerals in Fig. 17, the system program may be run by calling it as an appli- 
cation program of the operating system A10. Selection of the system program by the operating system A10 

45 produces the main screen A12 on the monitor 62. From the main screen A1 2 the operator can select a calibrate 
screen A14, an analysis screen A16, or exit back to the operating system A10. While displaying the calibrate 
screen A14, the instrument can be calibrated to provide the background or reference light settings which will 
be used in the measurement of the assay. Once the light calibration is complete the operator can select the 
analysis screen A1 6 which is used to measure and classify the cell objects of the assay technique. 

so One of the options in analysis screen A1 6 is to adjustthe blue boundary which assists in forming the nuclear 
areas. Another of the options is to adjust the red boundary which produces the adjust red boundary screen 
A20. Once the nuclear and cytoplasmic areas have been bounded by the screens A18, A20, the operator can 
select the analysis screen A16 to actually do cell measurement, classification and to generate reports. Exits 
from the adjust blue boundary screen A18 and from the adjust red boundary screen A20 are to the analysis 

55 screen A1 6, which can then exit back to the main screen A1 2. 

In this manner an advantageous screen architecture is formed which can be easily used and understood 
by the operator. This screen structure facilitates the interactive measurement of the nuclear DNA of the par- 
ticular cell subpopulation under study. The instruction screens provide an interactive use of the digital imaging 
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system which combines the power of the system software and hardware with the judgment and knowledge of 
the operator. The screen structure automates the assay task of nuclear DNA quantitation while still permitting 
the operator to selectively choose the input data and control the process to a considerable degree. 

Each screen A12-A20 contains a menu of the functions permitted for use while that particular screen is 

5 being displayed on the instruction monitor 62. The function that the system is to currently execute in a particular 
menu is chosen by the operator with a cursor movement method using the standard cursor control keys of key- 
board 36. While a particular screen is being shown on the monitor, the cursor movement keys are operable to 
position the cursor next to a particular function listed on the menu of that screen. While the cursor highlights 
the function by Its position, the operator may select the function for execution by pressing the enter key. 

10 The main screen 12 displays the main menu A22 illustrated in Fig. 18. The main menu A22 provides five 

choices which include 1) a specimen function A24, 2) a label function A24, 3) a set light function A 30, 4) a 
calibrate function A32, and 5) an exit function A28. 

The calibrate screen A14 displays the calibrate menu A34 illustrated in Fig. 19. The calibrate menu A34 
provides seven choices which include 1 ) a check light function A36, 2) a set XY function A38, 3) a focus function 

15 A40, 4) a measure function A42, 5) an XY-1 function A44, 6) an analyze function A46, and 7) a main function 
A48. 

The adjust blue boundary screen A18 displays the adjust blue boundary menu A50 illustrated in Fig. 20. 
The adjust blue boundary menu A50 provides five choices which include 1) a set step size-B function A52, 2) 
a toggle-B function A54, 3) an increase-B function A56, 4) a decrease-B function A58, and 5) an exit function 
20 A60. 

The adjust red boundary screen A20 displays the adjust red boundary menu A62 illustrated in Fig. 21 . The 
adjust red boundary menu A62 provides five choices which include 1) a set step size-R function A64, 2) a tog- 
gle-R function A68, 3) an increase-R function A70, 4) a decrease-R function A66, and 5) an exit function A72. 
The analysis screen A16 displays the analysis menu A74 illustrated in Fig. 22. The analysis menu A74 pro- 

25 vides sixteen choices which include 1) a del-type function A76, 2) a classify function A78, 3) a focus-2 function 
A80, 4) a CK-light function A82, 5) a select 2nd function A84, 6) an area 1-2 function A86, 7) a display XY 
function A88, 8) a clear function A90, 9) a XY-2 function A92, 10) a report function A94, 11) a scale function 
A96, 1 2) a boundary-B function A98, 13) a boundary-R function A100, 14) a main function A102, 15)amask 
function A104, and 16) a disappear function A106. 

30 The label function allows a user to enter information regarding patient identification, accession number, 

and DNA conversion number. The DNA conversion number is the number that the first and second peak masses 
are divided by to get the first and second peak indexes. Initially, the number is set to a standard 7.18 pico- 
grams/cell for normal human cells. However, the apparatus may be used to measure non-human cells and the 
index may be changed to that desired. The DNA index number must be greater than or equal to 1.0 and less 

35 than or equal to 99.99. If the conversion number is not within that range, the user is not allowed to select the 
analyze option in either the main or the calibration screens. 

The three lines of information entered during the label function will appear on every screen except the X, 
Y field coordinate screen. The label operation is exited by pressing either the enter or escape key. Pressing 
the enter key will save any changes that were made to the three lines of information. Pressing the escape key 

40 will ignore any changes that were made to the three lines. The information stored during the label function will 
not be saved when the program is exited. 

Selecting the calibrate function will cause a change of the display on instruction monitor 62 from the main 
screen to the calibration screen illustrated in FIG. 15. The calibration screen whose options are shown in FIG. 
1 9 are those necessary to perform calibration of the instrument for optical density and for staining factor on 

45 the control cells. A calibration of the apparatus 11 is to be performed every time a new slide Is selected to 
normalize the light level and staining factor. 

Selecting the analyze function will cause a change of the display from the main screen on monitor 62 to 
the analysis screen as illustrated in FIG. 1 6. The analysis screen contains the menu for the functions that are 
necessary to perform data acquisition and DNA measurements on the specimen cells. These functions are 

50 more fully set forth in FIG. 22. Three criteria must be met in order to select the analyze function. First, the set 
light function in the calibration screen must have been successfully performed at least once. The set light func- 
tion is successful when the current image is blank and the light level is between 129 and 131. Secondly, the 
calibration control cell count must be between 50 and 5 1 2. Finally, the DNA conversion number must be greater 
than or equal to 1.0 and less than or equal to 99.99. 

55 The exit function allows the user to terminate the operation of the program from the main screen. Pressing 

the escape key is the same as selecting the exit function. When the exit operation is specified, either by se- 
lecting exit or pressing escape, the user will be asked to confirm his command to exit To accept the confir- 
mation, the user selects the yes key. To reject the confirmation, he selects the no key or presses the escape 
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key. 

The options of the calibration menu will now be more fully explained. The set X, Y of function A38 provides 
the setting of the origin for the slide X, Y coordinate system. This function sets the current image or field lo- 
cation as the origin by zeroing a pair of location registers in the software. Generally, the microscope platform 

5 51 is moved until a easily recognized landmark is visible, such as cross 53. This landmark is then used to rezero 
the coordinate system to provide a means of relocating previously measured fields. The set X, Y function is 
used every time a new slide is selected. If the set X, Y function has not been executed, then the X, Y functions 
of the calibration and analysis screens and the functions in the X, Y field coordinates screen will not work prop- 
erly. The set X, Y function can only be used when the calibration control cell count is equal to zero. If the mi- 

10 croscope platform 51 is being moved when the set X, Y operation is in execution, then the coordinate origin 
will be In error. The program provides a message on the screen to notify the operator when the set X Y oper- 
ation is successful. In response to the function not being successful, the operator merely reselects set X, Y 
from the menu and attempts the function again. 

The measure function A42 is used to perform the control cell or control object calibration for normalizing 

15 the staining factor. When the measure function is selected, the camera image acquisition will stop and the cur- 
sor 170 on the calibration screen will move to the words "measure operations" in FIG. 15. When the cursor 
1 70 Is at this location, the user can specify measure operations by activating the numeric lock key. An identifier 
such as a magenta colored box will be placed around an identified cell object By using a number of key op- 
erations, the operator can perform an interactive selection and rejection process which will be more fully ex- 

20 plained hereinafter. 

During control cell cal ibration, the operator moves the microscope stage by turning the conventional X and 
Y knobs 11 and 17 (FIG. 1) to shift the control cell objects 40 into view on the image monitor 37. When an 
individual cell object 40 is within a box or identifier border 75, the operator presses a key on the keyboard 36 
to enter measurement of the summed optical density for that control cell object After a suitable number of con- 

25 troi cell objects have been analyzed, the operator will be provided with a histogram such as shown in FIG. 15 
on the instruction monitor 62 which shows the operator the control cell object ploidy distribution as having a 
relative quantity of DNA. Internally within the system control 22, the summed relative optical density values 
actually measured for the control cell objects are compared to a predetermined standard or reference amount 
of DNA which the control cells are known to have. The actual summed optical density found by the operator 

30 Is divided into the stored reference DNA value to provide a factor by which to adjust the extinction coefficient 
for deviations in the stain from a perfect staining. 

. TheXY-1 function A44 when selected displays on the calibration screen, the X, Y coordinates of the current 
image or field, on Image monitor 37. The coordinates will be continuously displayed until the user presses a 
key (except CTRL, ALT, or SHFT). Thus, if the same origin for the slide 14 was set, the operator can, by pos- 

35 itioning the platform 51 and watching the coordinates change, find the same image which was previously re- 
corded. The set X f Yf unction A36 must have been successfully performed previously in order for the X, Yf unc- 
tion to be selected. 

The FOCUS-1 function A40 provides color enhancement to the image so that the user can perform more 
precise focusing of the image. The system control 22 automatically provides different colors for gradations in 

40 grey level in the image. The operator then adjusts the focusing means of the microscope 15 until the object 
being focused on, for example an edge of the border 54, shows a clear color demarkation. This is an indication 
that the two separate levels or grey scale of the edge are in focus. This is much more difficult without color 
because the two grey levels may be close together and undiscernible without the color enhancement. The set 
light function A30 must have been successfully performed at least once in order to select the focus function. 

45 To restore the Image to its original color, the focus function Is selected a second time. If the color enhanced 
image is present when the user selects the measure function, the image will automatically be returned to its 
original color. 

Selecting the analyze function will change the display from the calibration screen to the analysis screen. 
The analysis screen provides a menu of functions shown in FIG. 22 which are necessary to perform the DNA 
so measurements on the cellular material. Three criteria must be met in order to select the analyzed function. First, 
the set light function in the calibration screen must have been successfully performed at least once. Secondly, 
the calibration control cell count must be between 20 and 512. The analyze function in the calibration menu 
works the same way as the analyze function in the main menue. 

The analyze function options in the analysis menu are more fully shown in FIG. 22. 
55 The check light-2 function A82 calculates the light level of the current image. The light level value is dis- 

played on the analysis screen by the words "light level" in FIG. 16. 

The select-2nd function A84 allows the user to select the second peak on the histogram displayed on the 
analysis screen. The mass. DNA index, and the area of the second peak are displayed on the screen under 
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the words "second peak." The se!ect-2nd function cannot be selected when the shown cell count is equal to 
zero. The shown cell count is displayed by the word "shown." After the select-2nd function has been selected, 
the cursor will move to a set of arrows and the current second peak location on the histogram will be highlighted 
in yellow. Initially the right most histogram data location is chosen as the second peak. Selecting the left arrow 

5 moves the second peak location to the left and the user selects the right arrow to move the second peak lo- 
cation to the right Every time an arrow is selected, the current peak data on the screen will be updated. 

Below the histograms horizontal axis, one of three symbols will appear underneath the second peak lo- 
cation. A "less than" symbol will appear if the second peak lies in area one. A "greater than" symbol will appear 
if the second peak lies in area two. An up arrow symbol will appear if the second peak lies in neither area one 

10 nor area two. The reason for the three symbols is so that the second peak location can be identified after the 
select-2nd operation is exited. The vertical yellow line disappears once the seiect-2nd function is exited. The 
users presses the ESC key to exit the select second operation. The second peak data will also be automatically 
cleared when one of the following analysis screen functions is selected: clear, report, scale, or main. 

The classify function A78 allows the user to classify the cells or objects in the current image. After the 

is classify function has been selected, the user will be asked to confirm the operation. To acceptthe confirmation, 
the user will select the yes key, and to reject the confirmation, the user will select the no key or press the ESC 
key. If the classification function is confirmed, camera acquisition stosp and the cursor will move by the words 
"classify operation". When the cursor is at this location, the user can specify the classify operations by acti- 
vating the numeric lock to enable these functions. As was the case in the measure function, a magenta colored 

20 box will be placed around a current ceil and the operations allow the user to move this cell identifier through 
the image to identify and classify the cells therein. 

The display X, Y function A8B will change the display from the analysis screen to the X, Y field coordinates 
screen. The X, Y field coordinate screen will display the X, Y coordinates of the first 512 images that have 
been classified and stored. Also, the screen contains the functions that allow the sorting of the image fields 

25 by coordinates. The set X, Y function in the calibration screen must have been successfully performed before 
the display X, Y function is selected. 

The X, Y field coordinate screen has several functions. One of the functions, "nearest" sorts the X, Y co- 
ordinates according to the distance from the current X, Y field position. The X function will sort the X, Y coor- 
dinates according to the X coordinate value. If there is a tie, then the Y coordinate value will determine the 

30 sort order. Similarly the Y function will sort the X, Y coordinates according to the Y coordinate value. If there 
is a tie, then X coordinate value will determine the sort order. The "f ield#" function wili sort the X, Y coordinates 
according to the coordinates field number. The field number is the order in which the images were classified. 

The page up function allows the user to display the previous page of X, Y coordinates, if any, and the page 
down function allows the use to display the next page of X, Y coordinates, if any. The exit function changes 

35 the display from the X, Y field coordinate screen to the analysis screen. Pressing the escape key is the same 
as selecting the exit function. 

Selecting the X, Y function displays the X, Y coordinates of the current field. The coordinates will be con- 
tinuously displayed until the user presses a key (except CTRL, ALT, and shift). The set X, Y function in the 
calibration screen must have successfully been performed before the X, Y function is selected. The X, Yf unc- 

40 tion in the X, Y field coordinate screen works the same way as the X, Y function in the calibration and analysis 
screens. 

The clear-2 function A90 will clear all analysis related areas of data. After the clear function has been se- 
lected, the user will be asked to confirm the clear operation. To accept the confirmation, the user selects the 
yes key, or to reject the confirmation, the user will select the no key or press the ESC key. 

45 The focus-2 function A80 provides color enhancement to the image so that the user can perform more 

precise focusing of the image. The focus-2 function in the analysis screen works the same way. as the focus 
function in the calibration screen previously described. 

The area 1-2 function A86 allows the user to specify two areas in the histogram displayed in the analysis 
screen. The purpose of this function is to identify the cell counts in certain areas in the histogram. The area 

so 1-2 function cannot be selected when the shown cell count is equal to zero. The cell counts are displayed at 
the lower right portion of the screen. After area 1-2 is selected, the cursor will move to a row of numbers that 
is below the histograms horizontal axis. The row of numbers allows the user to specify the locations of area 1 
and area 2. The user types a "1" to specify that the current histogram position belongs to area 1. The user 
types a "2" to specify that the position belongs to area 2. The user types a "0" to specify the current histogram 

55 position belongs to neither area 1 or 2. The user is allowed to specify an area 1 without an area 2, but cannot 
specify an area 2 without an area 1. When both areas are specified, area 1 must be specified to the left of 
area 2. The area must be specified as continuous. To exit the area 1-2 function, the user presses the enter or 
ESC keys. If the user presses the enter key, area 1 of the histogram will be highlighted in green and the area 
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2 will be highlighted in magenta. The area cell counts will also be displayed. Pressing the ESC key will cause 
the program to disregard any of the changes that were made. Area 1 and area 2 data will automatically be 
cleared when one of the following functions is selected: classify, clear, reports, scale or main. 

The analysis function is more fully described with respect to FIGS. 13 and 14. The operator will select a 

5 number of field locations 360, 361 , and 362 in the slide specimen area 58 for analysis. The operator will adjust 
the X and Y knobs 11 and 1 7 for the microscope stage 51 to move these fields into view on the image monitor 
37 a first field of specimen cell objects to be analyzed for DNA content as well as for cell morphology if desired 
(FIG. 13). The program will place a box, for example at 300. over a particular specimen cell object being dis- 
played on the monitor 37 and then the operator will use a key to cause the scanning of the pixels (picture ele- 

10 ments) of the specimen object to classify the cell in a manner similar to that disclosed in U.S. Patent 4,453,266 
to give summed optical density for the cell specimen object i.e., a stained cell nucleus, as well as Its area, its 
roundness, and other classification information. 

Also, the operator has on the keyboard 36 several cell classification keys to be manually operated and 
the operator depresses one of the keys of a known category such as a type 0 normal cell; a type 1 cancer cell; 

15 a type 2 cancer cell; a type 3 cancer cell; and etc. On the monitoring screen 62 there will be an analysis his- 
togram displaying the DNA content of the cells in the field. The operator selects a number of cells in each field 
or area and then moves the microscope stage to position a number of different fields of specimen cells into 
view and takes and analyses a number of these specimen cells until the operator feels he has enough cells , 
for a representative sample. 

20 A histogram, will at this time be displayed on the instruction monitor screen 62 which shows the number 

of cells of a particular DNA content and shows the DNA content averages for each of the reference peaks, such 
as shown in FIG. 16. By depressing a print key, on the keyboard 36 the operator may print out the histogram 
shown in FIG. 16 on the printer 38. The data for the specimen cells is also stored internally within the system 
control 22 for later recall and comparison with data of any new specimen from the same patient for analysis 

25 relating to the progress or regression of a patient. 

The operation of the manual classification for the analysis function will be now more fully described with 
respect to FIG. 13 where there is shown a visual field which has been previously stored in the instrument The 
field contains a number of cell objects which are to be classified and measured as to DNA content When the 
program initially comes into this mode of operation, the first object in the field will be identified by scanning 

30 the pixels of the field in a raster like manner until a cell object is recognized. Once a cell object is recognized, 
an identification means such as box 300 is drawn around the object. This provides a visual identifier for the 
operator to determine which cell object is presently being measured. In addition to the measurement, the op- 
erator is provided with a number of options from the analysis menu. The primary option that an operator has 
is to classify a current object in block A78. He accomplishes this by pressing one of the numeric keys 0 through 

35 5 which automatically puts the cell object of the identifying box 300 into the classification selected. If the object 
identified is debris, not an abnormal cell, or not an identifiable cell object the operator can reject the current 
object by selecting a 9 on the keyboard as indicated. 

After the classification or rejection of the object in box 300, the operator can move the identification box 
to the next unmeasured object An operator accomplishes this by pressing the keys CTRL/F2 which causes 

40 the program to erase the box 300 and search for the next identifiable cell object This cell object is found, and 
then another identifying box 302 is drawn around it to indicate to the operator the function has been accom- 
plished. In this manner, the entire group of cell objects can be classified and measured or rejected by repeating 
this process. In this manner, the program steps through the analysis procedure from object 300 to 302, 304, 
306, 308, 310, etc. 

45 Further, if one of the cell objects to be classified does not look like the operator thinks it should and, it 

cannot be put in one of the previous classifications, or for some other reason the operator believes he has 
classified a previous object by mistake, then by pressing CTRL/F1, he can move the identifying box back to 
the previously measured object. After identifying all cell objects in the particular field being displayed, the op- 
erator has the option of going to another field by manipulating the X, Y positioning mechanism to provide more 

so cells for the particular analysis. 

When the operator has determined that enough cell objects had been analyzed, he may either terminate 
the analysis function by pressing either the enter key or escape key. If he terminates the analysis function by 
pressing the enter key, then the data assembled from each of the measurements will be saved. However, if 
the analysis function is terminated by pressing the ESC key, then the data will not be saved. 

55 The report function A94 allows the user to specify which cell classifications are to be included in the his- 

togram shown on the screen of the instruction monitor 62. After the report function has been selected, the cur- 
sor can be moved to a option list which will allow the operator to specify the ceil types. The following table 
specifies which key the operator presses in order to select a particular cell type. 
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CELL TYPE 



normal 



0 
1 
2 
3 
4 
5 



or n 



l 
2 
3 
4 



lymphocyte 



or L 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Any combination of the types for the report data is allowed. The program will ignore any other characters 
than those listed in the table. The operator exits the report operation by pressing the enter or escape key. If 
the operator presses the enter key, he will change the types of cells in the histogram to those which were spe- 
cified. However, if the escape key is selected, the program will ignore any changes that were made and return 
normally. The function area 1-2 data and the second peak data will automatically be cleared when the report 
operation is performed. 

The scale function A96 allows the operator to change the scale of the horizontal axis of the histogram pro- 
vided on the analysis screen. There are three scales to choose from, 0-16, 0-32, and f>64. If the scale function 
is selected when the current scale is 0-16, then the new scale will be 0-32. If the scale function is selected 
when the current scale is 0-32, then the new scale will be 0-64. Likewise, if the scale function is selected when 
the current scale is 0-64, then the new scale will be 0-16. In this function the area 1, area 2, and second peak 
data will automatically be cleared when the scale operation is performed. 

The boundary functions A98, A100 will change the display on instruction monitor 62 from the analysis 
screen to the respective adjust boundary screen. The adjust boundary screen contains functions that are nec- 
essary to change the cell boundary, i.e., threshold. While addressing the boundary screen, camera image ac- 
quisition will be halted. 

The set step size function of Figs. 20 and 21 allows the operator to change the amount by which the bound- 
ary will change when one of the arrow keys is selected. The value must be in the range of 0-128. After the 
step size is selected, the cursor will move to the location on the screen where the user can type in a new step 
size value. To exit the step size function, the enter or escape keys are used. Pressing the enter key will save 
the step size change where pressing the escape key will ignore any change that was made. Initially, the step 
size value is equal to one. 

The increase function A56, A70 will increase the cell boundary by the value of the step size and the de- 
crease function A58, A66 will decrease the cell boundary by the value of the step size. The exit functions A60, 
'A72 change the display from the adjust boundary screens back to the analysis screen. Pressing the escape 
key is the same as selecting the exit function. 

In general, an interactive data collection and analysis scheme is used by the apparatus for the collection 
of specific parameters for both the calibration cell objects and the specimen cell objects. Each field which is 
selected is displayed on the image monitor 37 and either the measure operation of the calibration screen or 
the classify operation of the analysis screen is chosen. 

A software flow chart of a subroutine providing the interactive operations for the calibrate key operations 
and the analysis key operations, FIGS. 15 and 16 and is illustrated in the referenced Bacus application. When 
the operator selects either the measure operations or the classify operations, this program is called to generate 
the selection process for both the calibration cell objects and the specimen cell objects. The program begins 
by performing a raster scan of the stored image pixel by pixel until it finds a pixel greater than the threshold 
value. If no pixel is found which is greater than the threshold, a determination of whether the scan is complete 
is made. If not, the scan is continued until all pixels in the image field are tested. After all pixels have been 
tested, the scan parameters are reset and the cell object array updated. 

At the time an image pixel is determined to be greater than the threshold, the program will label the object. 
The operation of labelling will now be more particularly described. The individualized cell objects in the digitized 
image are located by a scene analysis technique in which the raster scan is made of the digitized image to 
locate any pixel above the critical threshold. The technique then performs a four neighbor analysis of adjacent 
pixel elements and continues in a recursive manner locating "neighbors of the neighbors" which are above the 
threshold until the entire region of a cell object is defined. This technique is preferred to other scene analysis 
techniques, such as local boundary found from a gradient image, because it is fool proof in distinguishing the 
true region of a cell, particularly those cells having irregular or spiculed projections. 

The four pixels (top, bottom, right side, and left side) surrounding the initially located pixel which are con- 
tiguous therewith are examined sequentially to identify the next pixel with a optical density or gray level value 
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above the threshold. For instance, if the pixel located above the first pixel is not above the threshold, it is dis- 
carded from the labelling routine. The next pixel (right side) in a clockwise direction is then examined and may 
be above the threshold. If so, that pixel is then identified and stored in memory with the pixel as being a portion 
of the region of a cell. Next the address and density of the pixel found is stored in a pushdown list and the four 

5 neighboring pixels of that pixel are examined in the same clockwise order. This continues in a recursive manner 
until no neighbors are found above a threshold for a particular pixel. At this point the prior pixels on the push- 
down list are reexamined to continue the neighbor search process until the entire nuclear of pixels defining a 
region, i.e., the cell object has been identified. Thus, each of the pixels above the threshold of the region are 
identified and a complete enclosed region has been defined for a cell. 

10 Once a cell object is labelled, a cell object table is set up for the object. The table lists the address of its 

entry point pixel, the number of pixels In the object, the X, Y points for the minimum and maximum points of 
the object, a count of the pixels in the perimeter of the object, the sum of the optical density of the object pixels, 
any classification provided for the object, and the X, Y coordinates of the field to which the object belongs. A 
plurality of the cell object tables comprise a temporary array, called a field array, which is used to store the 

15 interactive data developed for the present field image under consideration. 

Next, a box or identifying border is placed around the object using the X, Y limits. This mode identifies a 
particular object in the field for the operator. A key handler is entered to obtain a key press from the operator 
to determine which of the key functions of the classification function are to be accomplished. The key handler 
further determines which operation, either for calibration or analysis, is to be performed and only those keys 

20 which are associated with the present mode are enabled, all others are locked out. Once a key has been ob- 
tained, the program will determine which function was selected and the progress of the routine. 

Keys 0-5 as detected provide for the acceptance of a calibration object or the classification of a specimen 
object. If such key is detected, then the object is colored (red) to indicate to the operator that it has been ac- 
cepted or classified. The operator classifies the cell objects into different categories based upon visual clues 

25 such as morphology and the optical markings. The cells for analysis can be classified into a normal class 0, 
or one of several abnormal classes 1-5. The data class of the object is stored to its place in the associated 
object data table. Calibration objects are classified as type 0 or normal. The program then returns to where 
the image scan registers are incremented to scan the field for the next object. 

Alternatively, if the key press was a 9 as this means either a calibration cell object was rejected or a current 

30 specimen eel! object was rejected. Thus, the rejected cell object is colored in a different color (white) than an 
accepted or classified cell object, and the program returns to the scanning routine to find another object Col- 
oring the cell object alerts the operator that the object has been analyzed in this field, coloring the object an- 
other color differentiates the object from an accepted or classified cell objects. 

If, however, the key press is a CTRL/F1 , then the operator desires to move the identifying box to the last 
' 35 previously measured object. The program will then interrogate the field array to find the last object pointer. 
This pointer is used to create the box around the previous cell object before getting another key press. By using 
a series of CTRL/F1 keys the operator may selectively move the identifying box from previously measured 
cell object to previously measured cell object in a reverse direction. If, after the box is placed around a particular 
cell object the operator desires to reclassify that cell object, he then has the option of classifying it with the 

40 keys 0-5 in block A326. 

The identifying box may be moved to the next unmeasured cell object by selecting the key CTRL/F2. The 
key, If found, immediately returns the program control to the image scan entry. The effect of this operation is 
to allow the operator to skip the present cell object and move the identifying box to the next cell object without 
either rejecting or accepting the present celL A series of CTRL/F2 presses will move the box forward through 

45 the cells without measuring them. 

If all of the cell objects in a particular field appear normal as specimen cells, or as is generally the case 
with control cells they arelacceptable, the operator may want to classify them all automatically. To accomplish 
this, an operator presses the key CTRL/F3. This key press is detected and transfers control to where the au- 
tomatic mode flag is set. The program then returns to the entry of the image scan. However, instead of going 

so through the normal sequence of placing a box around the next object and waiting for a key press, the program 
will loop to automatically classify the rest of the cells of a field. 

Another option that the operator can select is the cell cutting function which is entered by pressing the 
key CTRL/F4. This key is detected and transfers control to the cell cutting function operation. When the CTRL 
and F4 keys are pressed, the user enters the cell cutting mode. While in this mode, the user is permitted to 

55 make cut lines inside the identifier box. The operator cannot make a cut line over a pixel that belongs to a meas- 
ured or a rejected cell. A measured cell is a cell that has been classified as type 0, 1, 2, 3, 4, or 5. Numeric 
lock must be activated in order to perform a cell cutting operation. Across hair is located where the cut is to 
take place. The following table lists the cell cutting operations that can be performed plus the key that must 
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be pressed in order to select the desired operation. The function allows the splitting of overlapping cells by 
artificially making a perimeter between two areas, a cut Thus, the labelling routine will only label one area as 
a cell object. 

5 (KEY) (ACTION) 

0 Turn splitting on and off 

1 Go down and left one step 

2 . Go down one step 

10 3 Go down and right one step 

4 Go left one step 

5 Go to the center of the box 

6 Go right one step 

7 Go up and left one step 
15 8 Go up one step 

9 Go up and right one step 
ENTER Re-do last step (up to 100 pixels) 
ESC Exit cell splitting mode 

20 

A step is three pixels. When beginning a new cut, the first pixel will not be cut. For operation 5, the cross 
hair will not move if the center pixel belongs to a measured or rejected cell. 

After the cell cutting is performed in, the scanner registers are set to the entry point of the particular object 
cut. The program then returns to the scan entry. Because the cell object has the same entry point but a different 
25 perimeter, the labelling routine will label the cell object as now cut. 

Another option that the operator has is the ability to select any object within a field. The selection of this 
mode is accomplished by pressing the CTRL/F5 key. 

When the CTRL and F5 keys are pressed, the user enters the selection mode. Numeric lock must be ac- 
tivated in order to perform a selection operation. Across hair will appear at the current selection point. The 
30 following table lists the selection operations that can be performed plus the key that must be pressed in order 
to select the desired operation. 



(ACTION) 

Select cross hair movement step size 
[5 or 15] 

Go down and left one step 
Go down one step 
Go down and right one step 
Go left one step 
Go to the center of the image 
Go right one step 
Go up and left one step 
Go up one step 
Go up and right one step 
Exit selection mode 

When the selection mode is exited, the box will move to the first unmeasured cell after the selection point. 

50 If there are no cells after the cross hair, the box will go to the next unclassified cell. 

After the object is selected by the above described technique, the scanner registers are set to the entry 
point of that particular object in block A348 and the program returns to the scan entry in block A300. This cre- 
ates the identifier box around the object using its X, Y limits and provides the operator with the option of then 
pressing another key and performing other measurements and classifications on that selected object. 

55 Another function is provided by key CTRL/F6. This feature provides an operator with the ability to move 

the identifier box forward by reading the next cell object pointed to and then drawing around the box the chosen 
object in block A313. The keys CTRL/F1 , CTRL/F2 thereby allow an operator to quickly revise previous cell 
classification by stepping forward and backwards, respectively, through the pointers of the previously meas- 
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0 

1 
2 
3 
4 

5 
6 
7 
8 
9 
ESC 
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ured cells. 

When the enter key is sensed, the cell object array is updated with the present field array to store all of 
the data collected for the particular objects in the field. Alternatively, the sensing of the escape key returns 
the program immediately to the place in the software where it was called. 

5 It will be appreciated that the illustrated control 22 has been programmed to do the cell classification and 

optical density analysis. Such classification and analysis is simitar to that outlined in U.S. patent 4,453,266 
for the classification or red blood cells and the present invention can be particularly useful in the analysis of 
red blood cells wherein the optical density of the hemoglobin content is measured rather than the DNA content 
as above described. As common In red blood cell analysis, the red blood cells need not be stained for image 

10 enhancement so that the staining calibration step may be eliminated for red blood cells when using the specific 
wave length of light specified in the aforementioned Bacus patents. 

A further use of the present invention is to provide a precise measurement of hemoglobin in actual pro- 
grams for calibrating other instruments such as a Coulter counter. In such a process, the control blood cells 
40 will have a known predetermined hemoglobin value and the specimen blood cells 52 of unknown hemoglobin 

15 value will be placed on the specimen area 58. Then the apparatus will be calibrated to show the histogram for 
the hemoglobin content of the specimen cells 52. 

It will also be appreciated that the various calibration steps may be eliminated or combined and done si- 
multaneously rather than done in the order and in the sequence and in the manner described for the preferred 
embodiment of the invention in making a DNA analysis. 

20 

Claims 

1 . Amethod of analyzing a population of specimen cell objects (52, 200, 202, 204, 206, 210) for a given para- 
25 meter, comprising the steps of optically enhancing the population of specimen cell objects (52, 200, 202, 

204, 206, 210) for said parameter; and optically marking selected specimen cell objects (52, 200, 202, 
204, 206, 21 0) in said population for a particular feature; characterised by the steps of providing a mag- 
nified image of the specimen cell objects (52, 200, 202, 204, 206, 210) in said population to a user- 
observer through a digital image processor (1 3); interactively gating specimen cell objects (52, 200, 202, 

30 204, 206, 210) of the analyzed population into one of several subpopulation classifications based upon 

morphological criteria of the specimen cell objects (52, 200, 202, 204, 206, 210) and said optical markings 
from the magnified image as viewed by a user-observer; measuring with said digital image processor (13) 
the optical density of the gated specimen cell objects (52, 200, 202, 204, 206, 210) for a given parameter 
for at least one subpopulation of the specimen cell objects (52, 200, 202, 204, 206, 210); and, generating 

35 with said digital image processor (13) a quantitation based on the measurement of the given parameter. 

2. A method as claimed in Claim 1, characterised in that said step of optically enhancing the population of 
specimen cell objects (52, 200, 202, 204, 206, 210) for said parameter comprises staining the DNA of the 
nucleus of each specimen cell object (52, 200, 202, 204, 206, 21 0) with a Feulgen technique using highly 

40 acidic reagents. 

3. Amethod as claimed in Claim 2, characterised in that said step of optically marking selected specimen 
cell objects (52, 200, 202, 204, 206, 210) comprises staining said selected specimen cell objects (52, 200, 
202, 204, 206, 210) with an immunohistochemical technique using a monoclonal antibody against a spe- 

45 . . cific antigen, said immunohistochemical technique including the use of a chromogen substrate which re- 
mains optically enhanced after subsequent staining with a Feulgen technique using highly acid reagents; 
and subsequently, optically enhancing the population of said selected specimen cell objects (52, 200, 202, 
204, 206, 210) for said parameter with a Feulgen technique. 

so 4. A method as claimed in Claim 2, characterised In that the step of optically marking selected specimen 
cell objects (52, 200, 202, 204, 206, 210) comprises staining said selected specimen cell objects (52, 200, 
202. 204, 206, 210) with an immunohistochemical technique which includes the use of alkaline phospha- 
tase and in which said chromogen substrate is fast red. 

55 5. A method as claimed in Claim 1 in which the parameter measured is the mass of certain portions of said 
specimen cell objects (52) of at least one subpopulation of specimen cell objects (52) selected from said 
population, characterised by the additional steps of providing a support (14) with a reference area (54) 
and a specimen area (58); providing reference cell objects (40) with a portion of predetermined mass in 
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said reference cell objects (40); placing said reference cell objects (40) on said reference area (54) and 
specimen cell objects (52) on said specimen area (58); optically enhancing said population of reference 
cell objects (40) for said parameter; measuring the optical density of optically enhanced portions of said 
optically enhanced reference cells (40); determining a staining factor from said measured optical density 
5 of said optically enhanced reference cells (40) and said predetermined mass of said reference cells; and, 

using said staining factor in determining the mass of said portions of said specimen cell objects (52) of 
said at least one subpopulation of cell objects in real time during operation of an interactive program. 

6. Apparatus for the analysis of a plurality of specimen cell objects on a support, which have been optically 

10 enhanced by the staining of the nuclear DNA of the specimen cell objects (52, 200, 202, 204, 206, 210) 

by a Feulgen staining technique and the enhancement of the location and content of specific protein sites 
of the specimen cell object (52, 200, 202, 204, 206, 210) by an immunohistochemical staining technique, 
characterised by means (15) for magnifying an image of the specimen cell objects (52, 200, 202, 204, 
206, 210); means (18) for filtering said magnified image at a band of wavelengths where said areas of 

15 DNA staining are relatively opaque when compared with said areas of immunohistochemical staining to 

provide a firstfiltered image; means (18) for filtering said magnified image at a band of wavelengths where 
said areas of immunohistochemical staining are relatively opaque when compared to said areas of DNA 
staining to provide a second filtered image; means for digitising and storing said first filtered image and 
said second filtered image; means (22) for combining said first filtered image with said second filtered 

20 image such that specimen cell objects (52, 200, 202, 204, 206, 210) having areas of immunohistochemical 

staining are visible when displayed; means (37, 39) for displaying said combined image to an operator; 
means (22) for gating each of the specimen cell objects (52, 200, 202, 204, 206, 21 0) into one of several 
classifications based on the morphological criteria of the areas of DNA staining and the marked areas of 
immunohistochemical staining; and means (22) for measuring the DNA mass of each of said specimen 

25 cell objects (52, 200, 202, 204, 206, 210). 

Patentanspruche 

30 1. Verfahrenzum Analysieren einer Population von Proben-Zellobjekten(52,200,202,204,206,210)fureinen 
gegebenen Parameter, mit den Schritten des optischen Verstarkens der Population von Proben-Zellob- 
jekten (52,200,202,204,206, 210) fur den Parameter; und des optischen Markierens ausgewahlter Pro- 
ben-Zellobjekte (52,200,202,204,206,210) in der Population in bezug auf ein bestimmtes Merkmai; 
gekennzeichnet durch 

35 die folgenden Schritte: Erzeugen eines dem Benutzer/Betrachter verf ugbaren vergroBerten Bildes der 

Proben-Zellobjekte (52,200,202,204,206,210) in der Population mittels eines digitalen Bildprozessors 
(13); interaktives Aussondern von Proben-Zellobjekten (52,200,202,204,206,210) der analysierten Popu- 
lation in eine von mehreren Sub-Populationsklassifikationen auf der Basis morphologischer Kriterien der 
Proben-Zellobjekte (52,200,202,204,206,210) und der optischen Markierungen aus dem vom Benut- 

40 zer/Betrachter betrachteten vergrofcerten Biid; mittels des digitalen Bildprozessors (13), Messen der op- 

tischen Dichte der ausgesonderten Proben-Zellobjekte (52,200,202,204,206,210) fur einen gegebenen 
Parameter fur mindesens eine Sub-Population der Proben-Zellobjekte (52,200,202,204,206,210); und, 
mittels des digitalen Bildprozessors (13), Erzeugen eines Quantitatswertes auf der Basis der Messung 
des gegebenen Parameters. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dad in dem Schritt des optischen Verstarkens der 
Population von Proben-Zellobjekten (52,200,202.204,206,210) fur den Parameter die DNA des Nukleus 
jedes Proben-Zellobjektes (52, 200,202,204,206,210) durch eine Feuigen-Technik mit hoch saurehaltigen 
Reagenzien angefarbt wird. 

50 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daS in dem Schritt des optischen Markierens aus- 
gewahlter Proben-Zellobjekte (52,200,202,204,206,210) die ausgewahiten Proben-Zellobjekte 
(52,200,202,204,206,210) angefarbt werden, und zwar durch eine immunohistochemische Technik mit- 
tels eines monoklonaien Antikorpers gegen ein bestimmtes Antigen, wobei die immunohistochemische 

55 Technik die Verwendung eines Chromogensubstrats einschlielit, das nach dem anschliedenden, durch 

eine Feuigen-Technik vorgenommenen Farben mit hoch saurehaltigen Reagenzien optisch verstarkt 
bleibt; und anschlie&end die Population der ausgewahiten Proben-Zellobjekte (52,200,202,204,206,210) 
fur den Parameter durch eine Feuigen-Technik optisch verstarkt wird. 
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4. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dafi in dem Schritt des optischen Markierens aus- 
gewahlter Proben-ZeHobjekte (52,200,202,204,206,210) die ausgewahiten Proben-Zellobjekte 
(52,200,202,204,206,21 0) durch eine immunohistochemische Technik angefarbt werden, die die Verwen- 
dung alkalischer Phosphatase einschlie&t und bei der das Chromogensubstrat Echtrot ist. 

5 

5. Verfahren nach Anspruch 1, bei dem der gemessene Parameter die Masse bestimmter Anteile der Pro- 
ben-Zellobjekte (52) mindestens eineraus der Population ausgewahiten Sub-Population der Proben-Zell- 
objekte (52) ist, gekennzeichnet durch die folgenden zusatzlichen Schritte: Bereitstellen eines Tragers 
(14) mit einem Referenzbereich (54) und einem Probenbereich (58); Bereitstellen von Referenzzellobjek- 

10 ten (40) mit einem Anteil vorbestimmter Masse in den Referenzzeliobjekten (40); Plazieren der Referenz- 

zellobjekte (40) auf dem Referenzbereich (54) und der Proben-Zellobjekte (52) auf dem Probenbereich 
(58); optisches Verstarken der Population von Referenzzeliobjekten (40) fur den Parameter; Messen der 
optischen Dichte der optisch verstarkten Anteile der optisch verstarkten Referenzzellen (40); Bestimmen 
eines Anfarbungsfaktors aus der gemessenen optischen Dichte der optisch verstarkten Referenzzellen 

is (40) und der vorbestimmten Masse der Referenzzellen; und Verwenden des Anfarbungsfaktors beim Be- 

stimmen der Masse der Anteile der Proben-Zellobjekte (52) der mindestens einen Sub-Population von 
Zeliobjekten in Echtzeit wahrend der Durchf uhrung eines interaktiven Programms, 

6. Vorrichtung zur Analyse mehrerer auf einem Trager angeordneter Proben-Zellobjekte, die durch mittels 
20 einer Feulgen-Anfarbetechnik vorgenommenes Anfarben der nuklearen DNA der Proben-Zellobjekte 

(52,200,202,204,206,210) und durch mittels einer immunohistochemischen Anfarbetechnik vorgenom- 
mene Verstarkung der Position und des Gehaltes bestimmter Proteinbereiche des Proben-Zellobjektes 
(52,200, 202,204,206,210) optisch verstarkt worden sind, gekennzeichnet durch eine Einrichtung (15), 
zum VergroBern eines Bildes der Proben-Zellobjekte (52,200,202,204,206,210); eine Einrichtung (18) 

25 zum Filtern des vergroRerten Bildes in einem Welleniangenband, bei dem die Bereiche der DNA-Anfar- 

bung im Vergleich mit den Bereichen der immunohistochemischen Anfarbung relativ opak sind, urn ein 
erstes gefiltertes Bild zu erzeugen; eine Einrichtung (18) zum Filtern des vergroSerten Bildes in einem 
Welleniangenband, bei dem die Bereiche der DNA-Anfarbung im Vergleich mit den Bereichen der DNA- 
Anfarbung relativ opak sind, um ein zweites gefiltertes Bild zu erzeugen; eine Einrichtung zum Digitali- 

30 sieren und Speichern des ersten gefilterten Biides und des zweiten gefilterten Bildes; eine Einrichtung 

(22) zum Kombinieren des ersten gefilterten Bildes mit dem zweiten gefilterten Bild derart, daS die Pro- 
ben-Zellobjekte (52,200,202,204,206,210), die Bereiche mit immunohistochemischer Anfarbung aufwei- 
sen, sichtbarsind, wenn sie angezeigt werden; eine Einrichtung (37,39), um der Bedienungsperson das 
kombinierte Bild anzuzeigen; eine Einrichtung (22) zum Aussondern jedes der Proben-Zellobjekte (52, 

35 200,202,204,206,210) in eine von mehreren Wassifikationen auf der Basis von morphologischen Kr'rterien 

der Bereiche mit DNA-Anfarbung und der markierten Bereiche mit immunohistochemischer Anfarbung; 
und eine Einrichtung (22) zum Messen der DNA-Masse jedes der Proben-Zellobjekte (52, 
200,202,204,206,210). 

40 

Revendications 

1. ProcSde d'analyse d'une population d'objets de cellules echantillons (52, 200, 202, 204, 206, 210) pour 
un parametre donne, comprenant les etapes consistant a ameliorer optiquement la population des objets 

45 de cellules echantillons (52, 200, 202, 204, 206, 210) pour ledit parametre ; et a marquer optiquement 

des objets de cellules echantillons choisis (52, 200, 202, 204, 206, 210) dans ladite population pourune 
caracteristique particuliere, caracterise paries etapes consistant a prevoir une image agrandie des objets 
de cellules echantillons (52, 200, 202, 204, 206, 210) dans ladite population pour un utilisateur-observa- 
teur par Tintermediaire d'un processeurd' image numerique (13) ; a classer de facon interactive les objets 

50 de cellules echantillons (52, 200, 202, 204, 206, 210) de la population analys6e selon une de plusieurs 

classifications de sous-population basees sur un critere morphoiogique des objets de cellules 6chantil- 
lons (52, 200, 202, 204, 206, 210) et lesdits marquages optiques a partirde I'image agrandie telle qu'elle 
est vue par un utilisateur-observateur ; a mesurer avec ledit processeur d'image numerique (1 3) la dens'rte 
optique des objets de cellules echantillons classes (52, 200, 202, 204, 206, 21 0) pour un parametre donne 

55 pour au moins une sous-population des objets de cellules echantillons (52, 200, 202, 204, 206, 210) ; et 

a generer avec ledit processeur d'image numerique (13) une quantification basee sur la mesure du pa- 
rametre donne. 
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ProcEdE selon ia revendication 1, caractErisE en ce que ladite Etape consistant a ameliorer optiquement 
la population des objets de cellules^ Echantillons (52, 200, 202, 204, 206, 210) pour ledit parametre 
comprend la coloration de I'ADN du noyau de chaque objetde cellule Echantillon (52, 200, 202, 204, 206, 
210) avec une technique de Feulgen en utilisant des reactifs fortement acides. 

Precede selon la revendication 2, caractErisE en ce que ladite etape consistant a marquer optiquement 
les objets de cellules echantillons choisis (52, 200, 202, 204, 206, 210) comprend la coloration desdits 
objets de cellules Echantillons choisis (52, 200, 202, 204, 206, 210) avec une technique immunohistochi- 
mlque en utilisant un anticorps monoclonal contre un antigene specifique, ladite technique immunohis- 
tochimique comprenant Tutilisation d'un substrat chromogene qui reste ameliore optiquement apres la 
coloration subsequente avec une technique de Feulgen utilisant des reactifs fortement acides ; et sub- 
sEquemment ('amelioration optique de la population desdits objets de cellules echantillons choisis (52, 
200, 202, 204, 206, 210) pour ledit parametre avec une technique de Feulgen. 

ProcEdE selon la revendication 2, caracterise en ce que I'etape consistant a marquer optiquement les ob- 
jets de cellules Echantillons choisis (52, 200, 202, 204, 206, 210) comprend ia coloration desdits objets 
de cellules Echantillons choisis (52, 200, 202, 204, 206, 210) avec une technique immunohistochimique 
qui comprend ('utilisation de phosphatase alcaiine et dans laquelle ledit substrat chromogene est du rouge 
vif. 

Pro cede selon la revendication 1 , dans lequel le parametre mesure est ia masse de certaines parties des- 
dits objets de cellules Echantillons (52) d'au moins une sous-population des objets de cellules Echantil- 
lons (52) choisis a partir de ladite population, caractErisE par les Etapes supplEmentaires consistant a pre- 
voir un support (14) avec une surface de rEfErence (54) et une surface Echantillon (58) ; a prEvoir des 
objets de cellules de rEfErence (40) avec une partie de la masse prEdEterminEe dans lesdits objets de 
cellules de rEfErence (40) ; a placer lesdits objets de cellules de rEfErence (40) sur ladite surface de rE- 
fErence (54) et les objets de cellules Echantillons (52) sur ladite surface Echantillon (58) ; a amEliorer op- 
tiquement ladite population des objets de cellules de rEfErence (40) pour ledit parametre ; a mesurer la 
densitE optique des parties amEliorEes optiquement desdites cellules de rEfErence amEliorEe optique- 
ment (40) ; a dEterminer un facteurde coloration a partir de ladite densitE optique mesurEe desdites cel- 
lules de rEfErence amEliorEes optiquement (40) et de ladite masse prEdEterminEe desdites cellules de 
rEfErence ; et a utiliser ledit facteur de coloration dans ia dEtermination de la masse desdites parties des- 
dits objets de cellules Echantillons (52) d'au moins une sous-population des objets de cellules en temps 
rEel pendant la mise en oeuvre d'un programme interactif. 

Appareil d'analyse d'une pluralitE d'objets de cellules Echantillons sur un support, qui ont EtE amEliorEs 
optiquement par la coloration de I'ADN nuclEaire des objets de cellules Echantillons (52, 200, 202, 204, 
206, 210) par une technique de coloration de Feulgen et PamElioration de ['emplacement et de la teneur 
de sites protEiniques spEcifiques des objets de cellules Echantillons (52, 200, 202, 204, 206, 210) par 
une technique de coloration immunohistochimique, caractErisE parun moyen (15) pour agrandirune ima- 
ge des objets de cellules Echantillons (52, 200, 202, 204, 206, 210) ; un moyen (18) pourfiltrer ladite ima- 
ge agrandie a une bande de longueurs d'onde ou lesdites surfaces de coloration d'ADN sont relativement 
opaques lorsqu'on les compare auxdites surfaces de coloration immunohistochimique pour avoir une pre- 
miEre image filtrEe ; un moyen (18) pourfiltrer ladite image agrandie a une bande de longueurs d'onde 
oCi lesdites surfaces de coloration immunohistochimique sont relativement opaques lorsqu'on les compa- 
re auxdites surfaces de coloration d'ADN pour avoir une deuxiEme image filtrEe ; un moyen pour nume- 
riser et emmagasiner ladite premiere image filtrEe et ladite deuxieme image filtrEe ; un moyen (22) pour 
combiner ladite premiEre image filtrEe avec ladite deuxiEme image filtrEe af in que les objets de cellules 
Echantillons (52, 200, 202, 204, 206, 210) ayant des surfaces de coloration immunohistochimique soient 
visibles lorsqu'ils sont aff ichEs ; des moyens (37, 39) pour aff icher ladite image combinEe a un opErateur ; 
un moyen (22) pour classer chacun des objets de cellules Echantillons (52, 200, 202, 204, 206, 21 0) dans 
Tune de plusieurs classifications basEes sur le critEre morphologique des surfaces de coloration d'ADN 
et les surfaces marquEes de la coloration immunohistochimique ; et un moyen (22) pour mesurer la masse 
d'ADN de chacun desdits objets de cellules Echantillons (52, 200, 202, 204, 206, 210). 
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